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Abstract 
Phosphomannose isomerase (PMI) encoding gene manA is a desirable selective marker in transgenic research.  Under-
standing of its expression patterns in transgenic plant and establishing highly sensitive detection method based on immu-
noassay have great impacts on the application of PMI.  In this study, PMI-specific monoclonal antibodies were generated 
using recombinant protein as immunogen, and could be used in Western blot to detect as little as 0.5 ng His-tagged PMI 
protein or rice expressed PMI protein in sample accounted for 0.4% of single rice grain (about 0.08 mg).  PMI protein driven 
by CaMV-35S promoter was detected in dozens of tested tissues, including root, stem, leaf, panicle, and seed at all devel-
opmental stages during rice growing, and PMI protein accounted for about 0.036% of total protein in the leaves at seedling 
stage. The established method potentially can be used to monitor PMI protein in rice grains. 
Keywords: transgenic rice, protein expression, CaMV-35S promoter, phosphomannose isomerase (PMI), Western blot
growing or die due to starvation (Hansen and Wright 1999). 
So manA gene has been widely used as a selection marker 
in transgenic experiments.  Compared with herbicide- or 
antibiotic-based “negative” selection markers, PMI is a “pos-
itive” selection procedure essentially incorporates a physio-
logically inert metabolite as the selection agent, which can 
alleviating the growth inhibitory effects of selection for the 
transformed cells.  In 1998, Joersbo et al. (1998) first used 
PMI gene as a selection marker in sugar beet transformation. 
Currently, dozens of plant species, such as rice (Gui et al. 
2014), cowpea (Dahl et al. 2011), orchid (Thiruvengadam 
et al. 2011), lettuce (Bříza et al. 2010), plum (Wang et al. 
2013), etc., were transformed using PMI as selection marker 
and evidences are accumulated demonstrating advantages 
of PMI, including higher regeneration efficiency (Gui et al. 
2014), shorter screening time (Dahl et al. 2011) and easier 
to achieve genetic stability (Thiruvengadam et al. 2011). 
For the detection of PMI, chlorophenol red (CPR) assay 
was commonly used (Wright et al. 2001).  CPR assay relies 
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1. Introduction
ManA gene was originally isolated from Escherichia coli, 
which encodes phosphomannose isomerase (PMI).  PMI 
can convert 6-mannose phosphate to fructose 6-diphos-
phate mannose (Joersbo et al. 1998).  In medium using 
mannose as a carbon source, the PMI transformants can 
grow normally, while non-transformed tissues either stop 
© 2016, CAAS. Published by Elsevier Ltd. This is an open 
access art ic le under the CC BY-NC-ND l icense (http:/ /
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on PMI enzyme activity, which is obviously affected by the 
fluctuation of environmental factors, like temperature and 
storage condition.  At present, detections of molecular fea-
tures for genetically modified organism (GMO) are mainly 
based on the detection of nucleic acids or proteins.  PCR-
based techniques are usually the first choice of selection 
because of its high sensitivity.  However, its disadvantages 
were also noted, e.g., high false positive rate.  Notably, the 
status of post-translational expression of a target gene can 
not be revealed.  In contrast, the detection of protein via 
immunological methods is quite convenient, with low cost 
and pretty high sensitivity in many instances.  Moreover, 
immunological methods do not depend on the enzyme 
activity, so the detection procedures are repeatable and 
can be standardized.  Actually, immunological methods are 
widely used in pathogen detection and diagnostic of human 
diseases (Priya et al. 2014).  A few applications were also 
reported in the detection of exogenous protein expression 
in transgenic plants (Bakhsh et al. 2010; Gui et al. 2014). 
Western blot (WB) is a widely used immunological tech-
nique to detect specific proteins in tissue homogenate or 
extract.  Native proteins are separated through gel electro-
phoresis and then transferred to a membrane, where target 
proteins are detected by specific antibodies (Ma and Shieh 
2006).  WB can detect nano-gram amount of target proteins 
using high quality antibodies.  Compared with enzyme-linked 
immunosorbent assay (ELISA), the gel electrophoresis step 
in WB resolves the issue of the cross-reactivity of antibod-
ies, which improves the specificity of protein analysis.  So 
far, a few cases for the generation of polyclonal antibody 
against PMI and ELISA analysis were reported (Gui et al. 
2014).  As PMI is a preferred selection marker in the field 
of transgenic research, the establishment of immunoassay 
for PMI protein will be a useful tool not only for the identi-
fication of transgenic plants in basic research, but also for 
monitoring non-approved release of transgenic plant existed 
in the environment if any. 
In this study, monoclonal antibody against PMI protein 
was generated using E. coli-expressed recombinant protein 
as immunogen.  A Western blot protocol was established 
with high sensitivity to detect PMI protein in rice grains. 
Moreover, the expression patterns of PMI protein driven by 
CaMV-35S promoter in transgenic rice were investigated 
systematically. 
2. Results
2.1. Cloning of manA gene 
Polymerase chain reaction (PCR) amplification was carried 
out using genomic DNA of E. coli as template, and PCR 
product was cloned into pET30a vector.  The PCR product 
and restriction enzyme digested fragments resolved on 
agarose gel were shown in Fig. 1.  As indicated in Fig. 1, 
the fragment lengths matched with the expected molecular 
weight.  Sequencing results validated that correct manA 
gene was obtained and cloned.  
2.2. PMI protein purification and antibody generation
Plasmid pET30a-PMI was transformed into BL21 strain and 
induced by IPTG.  E. coli cells were collected by centrifu-
gation and disrupted by sonication.  Supernatant and pellet 
fractions, together with the Ni2+-NTA affinity chromatogra-
phy purified His-tagged PMI proteins were separated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE).  The Coomassie blue stained gel in Fig. 2-A 
demonstrated a clear induction band correlated with the 
expected size of PMI protein.  Fig. 2-B is the WB results 
detected by anti-His antibody, which showed a clear band 
in supernatant, pellet and purified protein samples, while 
no signal was detected in un-induced sample.  This result 
confirmed that His-tagged PMI protein was successfully 
expressed and purified. 
Purified PMI protein was used as immunogen to gen-
erate monoclonal antibodies, and 52 hybridoma cell lines 
were obtained in total.  Primary analysis found that some 
lines of antibodies can recognize His-tagged protein only, 
while some lines can recognize PMI protein expressed in 
rice sample only (data not shown).  However, a number 
of cell lines, which produced antibodies recognizing both 
Fig. 1  Polymerase chain reaction (PCR) amplification of 
manA gene and restriction enzyme digestion verification of 
recombinant plasmid.  M, molecular weight marker; PCR on 
the top of gel indicates, manA gene amplification product; RE, 
restriction enzyme (XhoI and NdeI) digested plasmid DNA.
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His-tagged and rice-expressed proteins, were identified. 
Among them, antibody produced from cell line 72857-1 
showed satisfied performance regarding its sensitivity and 
specificity.  Thus, purified PMI antibody produced from this 
line was used for routine WB analysis.  Fig. 2-C showed the 
results of WB detection of PMI protein in transgenic rice, 
non-transgenic control and His-tagged protein.  Based on 
Fig. 2-C, no visible signal was observed in non-transgenic 
control, while there was a clear band in transgenic rice with 
molecular weight consistent with PMI protein (about 43 kD). 
Surprisingly, the sample of recombinant His-tagged PMI 
protein showed a band with higher molecular weight all the 
time in our experiment.  It was reported that the aberrant 
mobility of His-tagged proteins on denaturing gels might 
be a consequence of their unusual primary structure rather 
than any posttranslational modifications (Svensson et al. 
2006).  In summary, these data indicated that the obtained 
monoclonal antibody is highly specific to PMI protein.
2.3. Analysis of PMI protein concentration
In order to know the sensitivity of PMI specific antibody and 
PMI protein concentration in rice tissues as well, His-tagged 
PMI protein with different concentrations were detected by 
WB and the standard curve for WB detection was drown 
(Fig. 3).  As shown in Fig. 3-A, the concentrations of His-
tagged PMI protein were 0.5, 1, 2, 4, 8, 16, 32, and 64 
ng, respectively.  For samples with more than 0.5 ng of 
His-tagged PMI protein, clear signals can be detected in a 
dose-dependent manner.  A standard curve was drawn and 
an equation of linear regression was obtained (Fig. 3-B). 
Meanwhile, 10 and 20 µL of total proteins, isolated from 
Fig. 2  The expression, purification and verification of recombinant His-tagged phosphomannose isomerase (PMI) protein.  A, 
Coomassie blue stained gel showed bacterial expressed PMI protein.  B, Western blot (WB) detection of bacterial expressed 
His-tagged PMI protein.  C, WB detection of PMI protein using anti-PMI antibody.  U, un-induced; S, supernatant; Pe, pellet; Pu, 
purified.  Rice, rice sample; Re-PMI, recombinant His-tagged PMI protein; HSP, the abundance of HSP protein detected by anti-
HSP antibody was used as loading control.  
Fig. 3  The concentration analysis of PMI protein in rice leaves.  A, WB detection of PMI protein using anti-PMI antibody; Re-PMI, 
recombinant His-tagged PMI protein; rice leave, total protein isolated from rice leave at seedling stage.  B, standard curve of PMI 
protein concentration against the intensity of WB signals.  Bars are SD.
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rice leaves at seedling stage (protein concentration 0.5 µg 
µL–1), were loaded in parallel with His-tagged PMI protein 
for WB analysis.  The signal intensities for 10 and 20 µL 
samples were collected.  The quantity of PMI protein, 
calculated according to the regression equation, was 1.89 
and 3.35 ng, respectively.  Correspondingly, PMI protein 
accounts for about 0.038 and 0.034% respectively (0.036% 
in average) of total protein in rice leaves at seedling stage.
2.4. WB detection of PMI protein in transgenic rice grain
Whole rice seeds harvested in field were with outer husks, 
the husks and most of the embryos will be depleted during 
grain processing.  In order to establish a practical method 
detecting PMI proteins in edible part, the rice grain (without 
husk and embryo) samples were analyzed.  Rice grain was 
grounded in mortar, total protein from single rice grain was 
isolated, then different percentages of total proteins (0.2, 0.4, 
0.8, 1.6, and 3.2% from single grain, corresponding quantity 
are about 0.04, 0.08, 0.16, 0.32, and 0.64 mg, respectively) 
were analyzed by WB (Fig. 4).  The results showed that a 
clear band can be detected in samples with percentage high-
er than 0.4% and in a dose-dependent manner, while barely 
detectable in 0.2% sample, which indicated that PMI protein 
isolated in 0.4% of single rice grain (about 0.08 mg) can be 
detected using WB protocol established in this experiment. 
2.5. Expression patterns of PMI protein in transgenic rice
To investigate the expression patterns of PMI protein in 
transgenic rice, a set of samples were collected at dif-
ferent developmental stages, including shoot and root at 
seedling stage; stem, tillers, node, sheath, cushion, and 
up-, middle- and lower-part of leaf at tillering stage; stem, 
stalk, sheath, leave, young panicle (1, 5, 10, and 20 cm), 
and mature panicle at booting stage; stem, stalk, sheath, 
leave, stigma, anther, and husk at flowering stage, stem, 
leave, and filling panicle after 5, 15 and 30 d of pollination, 
embryo, endosperm and husk at milky mature stage; and 
whole seed, embryo, endosperm, and husk at mature stage. 
Total proteins were separated by SDS-PAGE and detected 
by anti-PMI antibody (Fig. 5).  It showed that PMI protein 
was expressed in all samples except anther, indicating 
constitutively expression of PMI protein in transgenic rice. 
It should be noted that the level of PMI protein decreased 
with the growth of panicle at booting stage, while kept stable 
in the seed at earlier period of filling stage (5, 15 and 30 d). 
2.6. Comparison of PMI protein abundance in leaves 
and roots among different stages 
Leaf and root are two fundamental tissues in rice and they 
Fig. 4  WB detection of PMI protein in rice grain.  Total proteins 
from rice grain were isolated and separated by SDS-PAGE, WB 
analysis were carried out using anti-PMI antibody.  0.2, 0.4, 
0.8, 1.6 and 3.2% represent the percentages of protein sample 
isolated from single rice grain, respectively.  
0.2
PMI
HSP
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play important roles throughout whole growing period.  Com-
parison of PMI protein abundance quantitatively in different 
stages will contribute to the understanding of its expression 
patterns.  In comparison of PMI protein abundances among 
leaves at different stages (trefoil, four-leaf, five-leaf, six-
leaf, tillering, booting, flowering and mature) (Fig. 6-A), it 
showed that though PMI protein expressed all the time, the 
abundance of PMI in leave at seedling stage was higher 
than that in leave at booting, flowering and mature stages. 
In comparison of PMI protein abundance in roots among 
different stages (Fig. 6-B), it showed that roots at seedling 
stage expressed the highest amount of PMI protein, while 
the amount of PMI protein decreased with the growing of 
rice.  It was pretty surprising that a high abundance of PMI 
was detected in root at mature stage.  Additionally, it should 
be noted that the reference protein HSP (Li et al. 2011) were 
expressed in leaf at all stages and roots at seedling stage, 
while no signal in roots at adult stages, indicating that HSP 
is not a proper internal control in this situation.  However, 
a broad range application of HSP as reference protein was 
demonstrated since the signal of HSP was stable in most 
of tissues we have tested. 
2.7. Identification of positive transgenic rice in T1 seeds
In order to explore the application value of WB protocol 
established in this study for the identification of positive 
transgenic rice, seeds from 15 independent T1 lines were 
analyzed.  Among them, eight PMI positive lines were iden-
tified, in which at least one PMI positive seed was found in 
each T1 progeny.  WB results for three representative lines 
were shown in Fig. 7.  It indicated that 5 out of 8 seeds in 
line T1-3 were PMI positive, while the rest three seeds were 
negative.  In line T1-6, 6 out of 8 seeds were PMI positive and 
the rest 2 seeds were negative.  In line T1-10, all 18 tested 
seeds were PMI positive.  This result suggested that both 
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line T1-3 and line T1-6 were heterozygous in T1 generation, 
while line T1-10 possibly was a homozygous line.  We then 
analyzed copy number in T1-10 seedling by real-time PCR 
using Sps as internal reference, the results indicated that 
there was one copy of Pmi gene in line T1-10 (data not shown). 
Taken together, this experiment indicated that WB analysis 
for T1 seeds can be used to screen positive transformants. 
Obviously, rapid screening for T1 seeds can reduce workload 
Fig. 6  The comparison analysis of PMI protein abundance in leaves and roots of rice at different developmental stages.  A, the 
comparison of PMI protein abundance in leaves at different developmental stages.  B, the comparison of PMI protein abundance in 
roots at different developmental stages.  Total proteins were isolated from rice leaves and roots at different developmental stages. 
The proteins were separated by SDS-PAGE and transferred to PVDF membrane.  3 L, 4 L, 5 L, and 6 L represent sequencial 
number of leaves at seedling stage; Ti, tillering stage; Bt, booting stage; Fl, flowering stage; Mu, mature stage. 
Fig. 5  The expression pattern of PMI protein in transgenic rice.  Total proteins were isolated from different parts of rice at different 
developmental stages.  The proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred to polyvinylidene fluoride (PVDF) membrane. WB analysis was carried out using anti-PMI antibody.  Seedling stage, 
root (Rt) and shoot (St); tillering stage, stem, tiller (Ti), node (No), sheath (Sh), cushion (Cs), upper part of leave (Up), middle part 
of leave (Mid) and lower part of leave (Low); booting stage, stem, stalk, sheath (Sh), leaf, young panicle of 1, 5, 10, and 20 cm and 
mature panicle (MP); flowering stage, stem, stalk, sheath (Sh), leaf, stigma (St), anther (An) and husk; mature stage, stem, leaf, 
filling panicle (5, 15 and 30 d after pollination (DAP)), embryo (Em), endosperm (Ed) and husk; seed, whole seed, embryo (Em), 
endosperm (Ed), and husk.  The same as below.
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of subsequent cultivation.
3. Discussion
Transgenic technology can transfer a beneficial gene across 
plant species, and the application of transgenic technology 
has broad impact on agricultural production.  It is reported 
that the area planting genetically modified organism (GMO) 
crops increased steadily every year (Prado et al. 2014).  PMI 
is a non-antibiotic selection marker, genetically modified 
plants or sections of callus with PMI can grow on medium in 
which mannose is the only carbon source.  PMI can be used 
as selection marker in plant genetic transformation as most 
of plants do not confer PMI gene in nature (Boscariol et al. 
2003).  Thus, the establishment of convenient, accurate and 
sensitive PMI detection method has an important practical 
significance and application value.
In this study, PMI-specific monoclonal antibody was 
generated and immunoblot assay was established, which 
can detect as little as 0.5 ng recombinant His-tagged PMI 
protein or rice-expressed PMI protein in 0.4% single grain. 
It was found that PMI protein accounts for 0.036% of total 
protein in leaves at seedling stage.  The detection of PMI 
protein can be carried out using any part of rice plant, as 
it was constitutively expressed under the regulation of 
CaMV-35S promoter.  Moreover, the obtained antibody will 
provide a key reagent for the establishment of alternative 
immunological method.  The data collected by different lab-
oratories can be compared if a standard operation protocol 
and common internal control were used.  Obviously, the 
established method has significant practical value.
CaMV-35S promoter was widely used in plants transfor-
mation, including rice (Li et al. 2014; Zahradnik et al. 2014), 
maize (Zahradnik et al. 2014), cotton (Bakhsh et al. 2010) 
and tobacco (Boyko et al. 2010), etc.  Currently, the demon-
stration of promoter activity in transgenic plants are mainly 
based on transcriptional analysis by RT-PCR (Lamblin et al. 
2007), enzyme activity assay like chlorophenol red (CPR) 
(Wright et al. 2001), or histochemical analysis (Li et al. 
2014) in limited types of tissues.  It was shown that β-glu-
curonidase (GUS) gene driven by CaMV-35S promoter was 
expressed in root, leaf, and petals in tobacco (Williamson 
et al. 1989) and localized at or around the vascular tissue in 
leaf, root and flower organs, the activity was also detected 
in the embryo and endosperm of dormant and germinating 
seeds in rice (Terada et al. 1990).  However, it was reported 
that exposure of tobacco plants to an acute single dose 
of UVC, UVB or X-ray radiation resulted in a decrease of 
the transgene expression level, whereas exposure to high 
temperature increased it (Boyko et al. 2010).  When the 
plants were moved from a 16:8-h photoperiod to a 8:16-h 
photoperiod, an increase in CaMV-35S driven GUS activity 
was observed, and these levels decreased upon returning to 
the 16:8-h photoperiod (Schnurr and Guerra 2000).  In this 
study, the expressions of PMI under the driven by CaMV-35S 
promoter were systematically surveyed in dozens of tissues 
and this data provide solid evidence, at protein level, for the 
constitutive expression for a target gene.  Thus a whole 
Fig. 7  WB detection of the abundance PMI protein in T1 seeds.  Total proteins isolated from T1 seeds, which were harvested from 
T0 plants, were isolated.  Lines T1-3, T1-6 and T1-10 are independent transgenic lines.  PMI, positive control rice material; TP, recipient 
negative control rice material TP309.  Numbers above the gel are labels for individual seeds. 
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picture or atlas of target protein expression will be helpful 
for deepening understand of the regulatory mechanism for 
a specific promoter.  This investigation may suggested a 
new standard for the analysis of target proteins driven by 
diverse promoter of interest.
It should be noted that weak expression was found in 
a number of tissues, including young and mature panicle, 
stigma, anther, and stem at mature stage and filling panicle. 
Therefore, the data revealed in this study should be useful 
to guide scientists to use this 35S promoter for practical 
applications and to pay their attentions to the issue where 
this promoter is least active.  For example, whether the 
floral tissues have sufficient herbicide tolerant if transgenic 
plants carry with a 35S promoter driven glyphosate tolerant 
gene.  Another example is whether or how to express Bt 
proteins under this promoter if the mature stems and filling 
panicle lack the expression, in this case, sufficient protein 
levels may not be built up to prevent insects, such as stem 
borers or cotton borers.  Indeed, there is a report showed 
that the quantitative levels of both Cry1Ac and Cry2A genes 
under the driven of CaMV-35S promoter were found variable 
among transgenic cotton lines and also varied between 
different plant parts and toxin level in fruiting part was less 
as compared to other parts (Bakhsh et al. 2010). 
In addition, HSP protein was identified as a reference 
marker since it is stably expressed in leave, root, stem, pan-
icle, and under Xanthomonas oryzae pv. oryzae-challenged 
condition (Li et al. 2011; Hou et al. 2012).  In this study, doz-
ens of samples in the whole period of rice growing showed 
constitutively expression, demonstrating a broad range of 
application of HSP.  However, the absence of HSP signal in 
root at adult and mature stage limited its application in such 
a specific situation, which suggests that it is necessary to 
screen a more proper reference protein in later on study.
4. Conclusion
PMI-specific monoclonal antibodies were generated using 
recombinant protein as immunogen Western blot procedure 
was established, which can detect PMI protein in sample 
account for 0.4% of single rice grain (about 0.08 mg); PMI 
protein driven by CaMV-35S promoter was constitutatively 
expressed in most of tested rice tissues; PMI protein ac-
counted for about 0.036% of total protein in the rice leaves 
at seedling stage.
5. Materials and methods 
5.1. Cloning of manA gene
Primer CE (Cao et al. 2010) was used to design the primers 
for the amplification of manA gene.  A NdeI restriction en-
zyme recognition site (underlined) was integrated into the 
upstream primer (5´-TATGTACATATGCAAAAACTCATTA-
ACTC-3´), and a XhoI site (underlined) was integrated into 
the downstream primer (5´-AGTGCTCGAGCTTGTTGTA-
AACACGC-3´).  The primers were synthesized by Sangon 
Ltd. (Shanghai, China).  Genomic DNA of E. coli was used as 
template for PCR amplification.  Approximately 150 ng DNA 
template was used for a 25-μL PCR reaction containing 
0.5 pmol L–1 of each primer, 0.2 mmol L–1 dNTPs, and 1.25 
U Taq polymerase (Sangon, China).  Amplification was 
carried out with 1 cycle at 95°C for 3 min, and 25 cycles of 
denaturation at 95°C and annealing at 55°C for 30 s each, 
and elongation at 72°C for 45 s.  All PCR reactions were 
extended for 10 min at 72°C and held at 4°C.  The ampli-
fication product was resolved on a 1.2% agarose gel and 
visualized by ethidium bromide staining.  Both PCR product 
and pET30a vector were digested using restriction enzymes, 
and purified digestion products were ligated and transformed 
into E. coli DH5α strain.  Positive recombinants identified by 
restriction enzyme digestion were verified by sequencing at 
BGI Ltd. (Beijing Genomics Institute, Beijing, China).
5.2. Purification of His-tagged PMI protein in E. coli
Sequencing verified plasmid DNA was transferred into 
the E. coli expression strain BL21.  The overnight cultures 
were diluted 1:100 with fresh Luria-Bertani (LB) medium 
supplemented with kanamycin (50 μg mL–1), and cultured at 
37°C until the OD600 reached 0.6–0.8.  Isopropyl β-D-1-thio-
galactopyranoside (IPTG) (100 mmol L–1) was then added 
to induce the expression of fusion proteins for 6 h at 25°C. 
Bacterial cells were harvested and ruptured by sonication, 
and target proteins were purified by Ni2+-NTA affinity chro-
matography.  Protein fractions were then separated by 
SDS-PAGE, and PMI with 6× His fusion protein was detected 
with anti-His antibody.
5.3. Monoclonal antibody generation
Full-length PMI recombinant protein expressed in E. coli was 
used as immunogen.  Five 6-wk-old female BALB/c mice 
were used as immunized animals.  The mice were initially in-
oculated subcutaneously with 100 mg of purified PMI protein 
emulsified in an equal volume of complete Freund’s adjuvant 
(Sigma, Missouri, USA).  Then, emulsified immunogen in 
incomplete Freund’s adjuvant (Sigma, Missouri, USA) was 
inoculated on the mice three times at 2-wk intervals.  A final 
inoculation of immunogen without adjuvant was adminis-
tered intraperitoneally three days prior to fusion.  The mice 
were euthanized and sensitized spleen cells were fused 
with mouse myeloma cell SP2/0 using PEG1500 (Roche, 
Mannheim, Germany).  The hybridoma was selectively 
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cultured for about two weeks, and the cell supernatants 
were screened by enzyme-linked immunosorbent assay 
(ELISA) against His-tagged PMI protein.  Positive hybridoma 
cultures were cloned by a limiting dilution in a 96-well cell 
culture plate.  The mAbs were generated by inoculating 
the selected hybridoma cells into BALB/c mice treated with 
sterile paraffin oil.  Indirect ELISA analysis was performed 
to titrate mAbs in the culture supernatants and ascitic fluids. 
The mAbs were purified from the ascetic fluids by  HiTrap 
rProtein A FF Affinity media (GE Healthcare, Piscataway, 
NJ, USA).  The immunization procedures were carried out 
in BPI (Beijing Protein Innovation Co., Ltd., Beijing, China). 
5.4. Quantification analysis of His-tagged PMI protein 
Quantitative analysis of PMI protein was carried out accord-
ing to Bradford (1976) method.  Coomassie blue G-250 solu-
tion was added to protein samples, the relative absorbance 
at 595 nm was measured using spectrophotometer.  The 
concentration of PMI protein can be adjusted to fit into the 
range of bovine serum albumin (BSA) standard solution and 
its relative absorbance was determined.  The measurement 
was repeated for three times and the concentration for PMI 
was calculated based on BSA standard curve. 
5.5. Rice total protein extraction and WB analysis
Rice samples collected at different stages were frozen in 
liquid nitrogen, and then stored at –70°C.  Total rice pro-
tein extracts were isolated by grinding samples in liquid 
nitrogen and thawed in an equal volume of extraction buffer 
(62.5 mmol L–1 Tris-HCl (pH 7.4), 10% glycerol, 0.1% so-
dium dodecyl sulfate (SDS), 2 mmol L–1 ethylene diamine 
tetraacetie acid (EDTA), 1 mmol L–1 phenylmethanesulfonyl 
fluoride (PMSF) and 5% β-mercaptoethanol).  The mixture 
was vortexed and then chilled on ice for 10 min.  Cell debris 
was removed by centrifugation at 12 000×g for 20 min at 
4°C and the supernatant was collected and stored at –70°C. 
Detailed WB protocol can be found in our previous report and 
the signal detected by using anti-HSP antibody was used 
as equal loading marker (Li et al. 2011).  WB analysis was 
repeated for at least three times.  Signal intensities were 
extracted using Image J software from X ray film or collected 
by using Tanon 5200 scanner (Tanon, Shanghai, China). 
The average and standard derivation were calculated based 
on signals of three repeats. 
5.6. Normalization of extracted WB data
To compare the concentration of PMI protein in T1 individu-
als, extracted WB data was normalized.  The procedure was 
as follows: the total intensity of extracted PMI or HSP signal 
within one WB analysis was set as 100 000, the intensity 
of PMI or HSP in each individual sample was calculated 
accordingly to get normalized data.  The ratio of normalized 
PMI/HSP was calculated and compared. 
5.7. Plasmid construction and rice transformation
Plasmid pUBI-C4300, with manA gene under the control of 
CaMV-35S promoter, was provided by Dr. Pamela Ronald 
(UC Davis, USA).  Plasmid DNA was transformed into rice 
by Agrobacterium-mediated method, and mannose was 
added in culture medium as carbon source for selection. 
The transformation was carried out by Boyuan Ltd. (Wuhan, 
China) using protocol described in literature (Duan et al. 
2012).  The rice recipient for transformation was variety 
TP309.  T0 seedlings were cultivated in Hainan Island, China. 
The harvested T1 seeds were cultivated in rice experimental 
field in Hebei Agricultural University (Baoding, China).  Rice 
samples for protein extraction were collected at different 
developmental stages. 
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